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Introduction
Mackworth Island in Falmouth is a beautiful location whose bedrock exposures are critical to interpreting
the geology of southern Maine. The island, in southwestern Casco Bay, is connected to the mainland by a
causeway near the mouth of the Presumpscot River. It was deeded to the State of Maine in 1943 by former
governor Percival Baxter. The land currently serves as a bird sanctuary as well as the site of the Baxter
School for the Deaf. This publication aims to provide a description of the geology found at Mackworth
Island, how these rocks have been interpreted by geologists over the last 100 years, and the ways they
inform our understanding of the region’s natural history.
Figure 1. View of Mackworth Island from Route 1 near Martin Point.
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Getting to Mackworth:  Logistics
Mackworth Island is accessible from the Andrews Avenue Causeway off Route 1 in Falmouth.
• Coming from the south, take I-295 northbound through Portland, take ramp right for US Route 1/Blue Star Memorial
Highway. Drive 1.3 miles to Andrews Avenue and turn right. The trailhead and parking lot are in 0.7 miles at end of
causeway.
• Coming from the north, take I-295 southbound to Exit 10. Turn left and drive 0.4 miles before turning right on US
Route 1 South. Follow for 2 miles and then turn left on Andrews Avenue. The parking lot and trailhead are in 0.7
miles at end of causeway.
The park entry fees are currently $3/Adult Maine Resident, $4/Adult Non-Resident, and $1/Senior Non-Resident. There is
no fee for children under 5 or Maine Seniors. Updated fees can be found at the Maine State Park Day-Use Fees website.
Figure 2. Location of Mackworth Island.
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Getting around Mackworth:  Trail details
Open from dawn to dusk, a 1¼ mile trail circles the
perimeter of Mackworth Island. The trail is generally
level with slopes not exceeding 10%. There are
benches, swings, and fairy houses along the trail.
Several small but steep side trails lead to the shore.
On the southeast side of Mackworth there is a Civil
War-era stone pier extending into Casco Bay toward
Diamond Island. For the best view of the geology at
Mackworth one can walk the beaches and ledges at
low tide. The public is not permitted on the interior
of the island.
Maps:
• Trail map from Maine Bureau of Parks and Lands.
• Maine Trail Finder
Figure 3. Looking up Casco Bay to the northeast
toward Cousins Island from the Mackworth Island Trail.
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Jewell Formation:  Ordovician
The most common type of bedrock that underlies Mackworth Island is a metamorphic rock called phyllite.
Phyllite has reflective foliation surfaces due to fine-grained mica minerals that grew in response to heat
and pressure in the earth. Phyllite splits easily along the well developed foliation surfaces into flat
pieces.
The northern two-thirds of Mackworth are underlain by a gray phyllite, while the southern third alternates
between gray and rusty phyllites. The alternation is interpreted by geologists to represent two different
sedimentary formations that were metamorphosed, the gray Eliot Formation and the rusty Jewell
Formation. Sediment for the two formations was deposited in the same basin but reflects an alternating
sediment source.
Figure 4. Alternating exposures of Jewell Formation and Eliot Formation on the southwestern side of Mackworth Island.
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Jewell Formation:  Ordovician
The rusty phyllite is often found in sections 5 to 30 feet wide between the gray phyllite on the southern third
of the island. The rusty phyllites on Mackworth Island are interpreted to be part of the Jewell Formation,
which was deposited in the late Ordovician Period, around 450 million years ago (Ma). It derives its
characteristic rusty color from the weathering of tiny, scattered iron sulfide minerals, representative of the
Jewell’s deposition in an oxygen-poor environment.
Figure 5. (Left) Very rusty phyllite of the Mackworth Formation near the stone pier. (Right)
Close up image of the Jewell Formation, with a pencil for scale.
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Eliot Formation:  Silurian-Ordovician
The northern two-thirds of the island is underlain by brownish-gray metamorphic rock. Looking more
closely, quartz and feldspar layers 1 to 4 inches thick alternate with chlorite and mica-rich phyllite layers.
These may be relict sedimentary structures preserved in the rock despite having since been distorted and
deformed by the heat and pressure of metamorphism. The layers of rock that dip gently to the southeast
have been tilted from their original orientation parallel to the ground by regional forces. Frank Katz (1917)
gave the name Mackworth slate to these rocks. Arthur Hussey noticed similarities to rocks found in
southern Maine and New Hampshire, and correlated them with the Eliot Formation of Silurian to Ordovician
age (Hussey, 2003).
Figure 6. (Left) Dark gray and light gray folded layers in the Eliot Formation, possibly remnant layers of silt, sand, and
mud. (Right) Close up image of the Eliot Formation, with pencil for scale.
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Stratigraphic Significance & Depositional Environment
The correlations of the gray phyllite to the Eliot Formation of the Merrimack Group by Hussey (2003) and
the rusty phyllite to the Jewell Formation of the Casco Bay Group by Hussey and others (2010) had
significant implications for the regional geology. The interfingered transition zone between the two units
implies a conformable, interlayered transition between the Casco Bay and Merrimack Groups. The Jewell
Formation was deposited as sediments in an oxygen-starved, but calm, ocean environment. Geologic events
near the active tectonic zone caused a change in the sedimentary regime, triggering higher energy turbidity
flows carrying sediment to be deposited. These sediments are what is now known as the Eliot Formation.
After this flow, the ocean returned to its calm, oxygen-starved deposition of Jewell Formation sediments
until another turbidity flow occurred. Eventually the turbidity flows became the dominant method of
sedimentation and the Jewell was no longer deposited. This transition also reinforces the interpretation that
the Eliot is the oldest formation within the Merrimack Group.
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Stratigraphic Significance & Depositional Environment
Figure 7a. Stratigraphic column of the Casco
Bay and Merrimack Groups. Circle at “D”
indicates the position of Mackworth Island
within the sequence of rocks. At a smaller
scale at Mackworth, the interbedded portion
of the section is represented by alternating
layers of Eliot and Jewell Formations.
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Figure 7b. Schematic interpretation of the
depositional environment of the Jewell and
Eliot Formations in the Merrimack Basin,
indicated by the red oval, in the late
Ordovician to early Silurian. This cross
section through the earth’s crust and upper
mantle shows an active plate tectonic
boundary to the northwest of the Merrimack
Basin, with a subduction zone and a volcanic
island arc. From Hussey and others (2010).
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Deformation: Acadian Orogeny, Late Silurian to Early Devonian
After the Jewell and Eliot Formations were deposited,
the sediments were deformed by a mountain building
event. The basin in which the sediments were
deposited closed as microcontinents collided. The
rocks at Mackworth were exposed to heat and
pressure which caused the sediments to recrystallize
and mica minerals grew creating phyllite.
Deformational events also led to the formation of
folds. Hot fluids flowing through small fractures the
rock deposited silica, resulting in the ubiquitous
quartz veins.
Figure 8. Paleogeographic reconstruction of the Late Silurian
to Early Devonian. Gander has accreted to Laurentia in the
Acadian Orogeny creating continent deformation and uplifting
the Eliot/Jewell Formations into a mountain range. The
Mackworth Island area is indicated by the red ellipse.
Modified from the PALEOMAP PaleoAtlas for GPlates (Scotese,
2016).
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Deformation: Acadian Orogeny
Figure 9a. Schematic cross
section showing the collision
of Ganderia, a microcontinent,
with ancestral North America
(Laurentia). The Merrimack
Basin has closed and the
Jewell and Eliot Formations
have been uplifted and
deformed.H
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Figure 9b. Folded Jewell and Eliot
Formations at Mackworth Island. Ph
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Deformation:  Faulting ~290 Ma
After the rocks had cooled they were deformed by the shearing motion and stresses of the Norumbega fault
zone. Geologists interpret the rocks as having cooled before faulting because of the sharp, angular folds in
the rock that are indicative of brittle deformation. These “kinks” deform the planar structure of the phyllites.
Swanson (1999) interpreted that various kink bands on Mackworth show right handed strike-slip motion,
normal slip, and a late phase of vertical compression.
Figure 10. A: Kink band at Mackworth Island. B-D: Schematic model of kink band development. B: Sediments
deposited as flat-lying layers in an ocean basin. C: Layers are tilted and metamorphosed during the Acadian
orogeny. D: Tilted layers are deformed by shearing to form kink bands, with relative motion shown by arrows.
A B C D
P
h
o
to
 a
n
d
 F
ig
u
re
 b
y 
Ia
n
 H
ill
en
b
ra
n
d
Maine Geological Survey
Maine Geological Survey, Department of Agriculture, Conservation & Forestry 12
Maine Geological SurveyMackworth Island, Falmouth, ME
Deformation: Gentle, regionally anomalous dips on Mackworth Island
The rocks on Mackworth have been tilted during the Acadian orogeny and by later faulting. The bedding
dips gently on Mackworth at about 30 degrees to the southeast, while the surrounding Eliot formation dips
much more steeply at approximately 70 degrees southeast. Hussey (2003) speculated that the difference in
dip might be the result of fault rotation along the Johns Point fault on the southeast side of the island, or
another as yet unrecognized late brittle fault on the northwest side of the island.
Figure 11. Portion of the Portland East 7.5’ quadrangle, showing much
shallower dips on Mackworth Island compared to nearby places. Numbers
next to symbols indicate angle of dip. (SOe=Eliot, SOer=Jewell)
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Continental Rifting and Diabase Intrusion: 200 Ma
Just north of the pocket beach on the eastern side of the island there is a foot thick, very fine-grained, dark
gray igneous rock called diabase. In the Jurassic, the extensional stress related to the breakup of the
supercontinent Pangea caused the Earth’s crust to fracture. The fractures provided a path for magma
(molten rock) from the base of the Earth’s crust to erupt. The magma crystallized as thin sheets called dikes,
which are widespread in southern Maine. The dike at Mackworth is oriented parallel to the layering of Eliot
formation.
Figure 12a. Paleogeographic reconstruction of the
rifting of Pangea. Arrows represent general
direction of plate movement. Modified from the
PALEOMAP PaleoAtlas for GPlates (Scotese, 2016).
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Figure 12b. Diabase dike parallel to the layers of the Eliot
Formation.
P
h
o
to
 b
y 
Ia
n
 H
ill
en
b
ra
n
d
Maine Geological Survey
Maine Geological Survey, Department of Agriculture, Conservation & Forestry 14
Maine Geological SurveyMackworth Island, Falmouth, ME
Interpretations of the Regional Geology
The belt of Eliot and Jewell Formation is interpreted to be separated from the Falmouth-Brunswick
sequence and Central Maine Belt to the west by the Flying Point Fault, and from the rocks of the Casco Bay
Group to the east by the Johns Point fault. This interpretation was made by Hussey (1985) on the basis that
the rocks at Mackworth were subjected to less heat and pressure during metamorphosis relative to the
units on both sides of the fault. The normal motion on motion faults dropped the belt of phyllite downward
relative to the rocks on both sides.
at ackworth Island
are at a lower grade of
metamorphism than the units
on opposite sides of the faults.
(Figure 13). The vertical motion
on the faults dropped the belt
of phyllite downward relative to
the rocks on both sides.
Figure 13. Generalized metamorphic and structural map of the Portland East 7.5’
quadrangle, showing the major fault zones (dark black lines) and relative motion.
Location of Mackworth Island is indicated by the red circle.
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Glacial Geology:  Thin drift of Glacial Till
The glacial sediments on Mackworth record the most recent glaciation, a period when Maine was covered
by the Laurentide Ice Sheet (Bernotavicz, 1999b). The advance of the ice sheet is responsible for the
deposition of less than 10 feet (3 meters) of clay, silt, gravel, and boulders. This poorly sorted, variably
compact sediment is called glacial till by geologists.
Figure 14a. A portion of the surficial geology map
showing till of Pleistocene age (Pt) on Mackworth
Island.
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Figure 14b. A large, granitic boulder within a sandy matrix of glacial
till overlies bedrock outcrops. It is likely that some of the cobbles on
the beach below were glacially transported and have been eroded
out of the till by moderate wave action.
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Eroding Bluffs on the Southeastern Side
The southeastern side of Mackworth has highly unstable coastal bluffs (Bryant and others, 2002). Bluffs are
formed in a dynamic coastal environment by coastal and marine processes. At Mackworth, the bluffs are
composed of thin glacial till over bedrock. High energy waves cause toe erosion and bluff sediment slowly
creeps downward over the bedrock. The downward slide at Mackworth has been ongoing for some time, as
evidenced by bent tree trunks along the shoreline.
Figure 15a. A portion of the coastal bluff map showing
Mackworth Island. Yellow indicates unstable and red
indicates highly unstable bluff face. See Bryant and
others (2002) for a full map and legend.
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Figure 15b. These trees have curved trunks
and exposed roots due to the continuous
erosion of the sediment exposing the bedrock. Ph
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Surficial Geology: Beaches and Mud Flats
Waves have washed away the till covering the ledges, and some of the sediment has been reworked to form
the sand and gravel beaches on the edges of the island. Beaches on Mackworth that face toward Casco Bay
are made up of gravel and cobbles. The cobbles here are not just phyllite from the Jewell and Eliot
Formations. Many other types of rocks can be found here. To a geologist, this implies that the cobbles must
have been first transported here by a glacier and then reworked by waves. High energy waves at Mackworth
Island remove the fine-grained sand and silt and then transports them toward the causeway. Near the
causeway there is a change from an erosional environment to a depositional one. The sand beach is the
result of this deposition, as it is sheltered from high energy waves by the causeway and the rest of the
island. Beaches facing outer Casco Bay have larger particle sizes. At low tide extensive mudflats are
exposed, especially near the mouth of the Presumpscot River.
Figure 16a. A portion of the coastal geologic environment
map showing Mackworth Island (Timson, 1976).
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Figure 16b. Coastal geologic environments. B1: sand
beach, B2: mixed sand and gravel beach, and F: mud flat.
B1
FB2
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